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pine surgery is one of the most impactful targets for reducing costs within the United States health care system. 32 An estimated $90 billion is spent each year on the diagnosis and management of low-back pain alone. 28 As summarized by Resnick et al., spinal disorders are an ideal target for cost reduction because of their high prevalence and significant contribution to morbidity-and disability-related costs. 36 Furthermore, there is significant variability in the treatment paradigms for spinal disorders-representing the entire spectrum of pain medications, acupuncture, massage therapy, steroid injections, surgical decompression and fusion, and beyond. It is the enormous clinical burden of spinal disease paired with treatment heterogeneity that creates an opportunity to empirically define real value and produce savings for the health care system.
One promising but controversial cost reduction strategy involves transitioning surgical procedures to an outpatient setting. More than 54 million outpatient procedures are performed annually in the United States. Among Medicare beneficiaries, rates of outpatient surgery have increased by 40% in the last 10 years. And the number of ambulatory surgery centers has grown by 60% within the same time period. 21 Although eye surgeries, arthroscopic procedures, peripheral nerve cases, and soft tissue cases represent the majority of ambulatory operations, an increasing proportion of spine surgeries has transitioned to the outpatient setting. 2, 5, 7 Lumbar laminectomy with or without discectomy, lumbar fusion, anterior cervical discectomy and fusion, and cervical disc arthroplasty all represent promising candidates for outpatient surgeries in select populations.
In this focused review, we clarify the different definitions used in studies describing outpatient spine surgery. We also discuss the body of evidence supporting the transition of each of these procedures to an outpatient setting and summarize the proposed cost savings. Finally, we examine several patient-and surgeon-specific considerations to highlight the barriers in translating outpatient spine surgery into actual practice.
defined set of terms that obscures true understanding of the outcomes and cost savings. Fundamentally, any time a patient is discharged from the hospital and has not been admitted to an inpatient ward, they have undergone an outpatient surgery. However, from a reimbursement perspective, there is a clear delineation between a patient whose recovery is observed within a reasonable amount of time before discharge (for example, 4-6 hours in the Medicare Claims Processing Manual, Chapter 4, Section 290.2.2) and a patient who is observed for an extended period of time (< 24 hours). Both of these patient encounters, from an outcomes perspective, can be grouped together as an outpatient procedure but carry different hospital utilization costs.
Similarly, utilization differs between an outpatient procedure performed in association with a hospital and one performed at a freestanding ambulatory surgery center. Idowu et al. examined this difference and found that, although there has indeed been a dramatic increase in the number of hospital-associated outpatient spine operations, there has been a significantly less pronounced increase in spine surgery at freestanding ambulatory centers. 23 In general, the lack of granularity regarding these definitions represents a significant limitation of the literature describing outpatient outcomes.
Outcomes Lumbar Laminectomy and Discectomy
Lumbar laminectomy with or without discectomy remains the most common spine operation performed in the United States and was one of the earliest procedures to be successfully transitioned to the outpatient setting (Table  1) . Several groups have reported clinical series describing favorable outcomes. 8, 10, 22, 25, 33, 47 Helseth et al. reported on a series of 1073 consecutive patients undergoing lumbar procedures at a freestanding neurosurgical clinic with a successful discharge rate of 99.8% on the day of surgery. 19 No patients died within 30 days, and the 90-day readmission rate was 1.5%. Nine patients (0.6%) suffered a postoperative hematoma, which was recognized and evacuated postoperatively, and these patients were subsequently discharged the same day. Notably, this study was conducted in Oslo, Norway, in a health care ecosystem distinct from that of the United States. Another group of investigators studied 212 consecutive patients in the United States, who had undergone a first operation for lumbar disease; the authors reported the overall success rate at 2 years as 75%-80%, as defined by the visual analog scale and Oswestry Disability Index. 4 In their cohort, the average hospital stay was 5 hours, and only 1 patient (0.5%) was admitted to the inpatient service following surgery. Best and Sasso analyzed outcomes for 233 consecutive patients 65 years of age or older who underwent outpatient lumbar decompression, finding an inpatient admission conversion rate of 4.1% and an overall complication rate of 7.1%. 8 In addition to single-center cohort studies, the overall trends and outcomes for lumbar laminectomy and discectomy have been analyzed using large surgical databases. Pugely and colleagues performed a propensity score-matched analysis of 4310 lumbar discectomy cases in the American College of Surgeons database. 34 Interestingly, in the matched cohort, the inpatient group had a significantly higher rate of complications (OR 1.521) even after adjusting for potential confounders. Moreover, an advanced age, diabetes, and operative times longer than 150 minutes were independent predictors of a postoperative complication. All data taken together, lumbar decompression has the strongest evidence for safety in the outpatient setting.
Lumbar Fusion
The literature regarding lumbar fusion in the outpatient setting is more limited than that regarding decompression with or without discectomy (Table 2) . Conceptually, as minimally invasive fusion techniques continue to evolve, this is a promising group of operations to transition to outpatient procedures. Several smaller cohort studies have reported favorable outcomes from minimally invasive transforaminal lumbar interbody fusion and posterior fusion performed in the outpatient setting. 16 One technical modification to posterior fusion includes the use of midline cortical bone trajectory pedicle screws to reduce the amount of muscle dissection and tissue destruction without sacrificing fusion rates. 12 Another promising avenue involves the use of lateral fusion techniques, which may also reduce postoperative pain and thus enable earlier discharge. Smith et al. performed a retrospective analysis of 1033 patients treated with minimally invasive lateral interbody fusion and grouped patients according to length of stay. 39 They found that a younger age, lower body mass index, less advanced disease, and higher preoperative hemoglobin levels were predictive factors for discharge within 24 hours. In the prospective arm, the authors performed 54 lateral and 18 posterior fusions in an ambulatory setting with no transfers to an inpatient facility. Two additional patients (3.7%) visited the emergency department within 30 days. Another author group prospectively compared 70 consecutive patients undergoing lateral fusion in either an inpatient or outpatient setting. 11 There were no significant baseline differences in characteristics between the two cohorts, including age, body mass index, or pathological level treated. Additionally, fusion was achieved in all patients. Between the two groups, the outpatient cohort benefited from significant improvement in the Oswestry Disability Index, less blood loss, and shorter operative time. Overall, these studies suggest that for young, healthy patients, a lateral fusion may be well tolerated with sameday discharge. However, the overall reported readmission rates tended to be higher than those in the lumbar decompression and/or discectomy literature.
Anterior Cervical Discectomy and Fusion
There is a growing body of evidence in support of anterior cervical discectomy and fusion (ACDF) performed in the outpatient setting (Table 3) . However, unlike in lumbar surgery, the specter of neck hematoma and airway compromise creates an additional barrier to changes in practice.
The first reports of outpatient ACDF were small, single-surgeon feasibility studies reporting on fewer than 100 patients undergoing 1-or 2-level surgery with same- In favor of outpatient spinal surgery for properly selected patients day discharge. 38, 40, 42, 43 There were no reported deaths, and overall complication rates ranged from 0% to 2%. In these reports, only 1 patient required conversion to inpatient status for neck swelling and this patient did not require reoperation. The initial studies provided proof of concept but were limited by a lack of statistical power to show a difference between inpatient and outpatient ACDF. More recently, there have been several larger clinical series and database studies reporting direct comparisons of inpatient and outpatient ACDF. McGirt et al. obtained 1442 ACDF cases (650 inpatients, 792 outpatients) from the American College of Surgeons database, and after propensity matching for 32 covariates such as number of levels, medical comorbidities, age, and sex, these authors found that outpatient ACDF had 58% reduced odds of a major morbidity and 80% lower odds of reoperation within 30 days (ORs 0.42 and 0.20, respectively). 29 The same author group analyzed 1000 consecutive ACDF patients, all of whom had been observed for at least 4 hours prior to discharge. 1 Notably, all of the patients had American Society of Anesthesiologists physical status class I or II, all underwent 1-or 2-level ACDF, and all cases began before noon. Overall, 8 patients (0.08%) were transferred to inpatient status. There were no significant differences between the inpatient and outpatient cohort in the 30-and 90-day readmission or reoperation rate. Several other surgical database studies have since corroborated these findings in support of outpatient 1-or 2-level ACDF with an overall low comorbidity profile. 17, 24, 35 Additionally, Ban and colleagues performed a meta-analysis and systematic review, In favor of outpatient spinal surgery for properly selected patients Surgical mortality: 0 (0%), any complication: 51 (3.5%), same-day admission: 3 (0.2%), admission w/in 3 mos: 22 (1.5%), hematoma: 9 (0.6%), neurological deterioration: 4 (0.3%), deep wound infection 13 (0.9%), dural lesion & CSF leakage: 15 (1.0%), persistent dysphagia: 2 (0.1%), persistent hoarseness: 2 (0.1%), severe pain/headache: 6 (0.4%), reoperation: 67 (4.6%); all life-threatening hematomas detected w/in hrs after cervical (6 hrs There may be a longer-term negative effect of outpatient ACDF. Arshi et al. examined more than 12,000 patients in a private insurance database and reported that outpatient ACDF was associated with higher odds of repeat anterior surgery at 1 year (OR 1.46) as well as a higher likelihood of undergoing posterior surgery at 6 months and 1 year (ORs 1.58 and 1.79, respectively) . 3 The authors speculate that pressures for high throughput in an ambulatory setting may force surgeons to be less rigorous in endplate preparation, discectomy, or proper instrumentation, leading to higher rates of pseudarthrosis. Another interesting theory posits that the bias against the treatment of more than 2 levels may increase the proportion of patients with untreated milder adjacent segment disease, which subsequently progresses. Their findings underline the importance of studying longer-term outcomes beyond 30 or 90 days to truly evaluate whether outpatient spine surgery has an unanticipated impact.
Cervical Disc Arthroplasty
Cervical disc arthroplasty is a logical companion to outpatient ACDF and may actually lend itself to superior outcomes as patients in these cases are often younger with fewer baseline comorbidities. Moreover, the surgical principles favor less bony and soft tissue disruption. For now, the data on outpatient surgery are limited. Wohns reported on a personal series of 26 consecutive cervical disc arthroplasties with a minimum 4-hour observation period in a cohort of patients with a mean age of 46 years and no comorbidities. 46 There were no transfers to inpatient status, nor any readmissions or reoperations within 30 days. Another group compared 55 outpatient disc arthroplasty cases to an outpatient ACDF control group (55 patients) and again found no readmissions or reoperations within 30 days.
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Cost
As described earlier, the difference between outpatient surgery performed at a hospital and that performed at an ambulatory center confounds direct comparison of the cost savings. However, in single-center studies, several authors have reported their own cost savings. For example, performing lumbar laminectomy in an ambulatory surgery center can produce a 30% facility fee reduction. 29 Similarly, Silvers et al. reported a cost savings of $1800 per ACDF performed in 1996 and estimated a cost savings of $140 million nationwide for that same year if every 1-or 2-level ACDF were performed in the outpatient setting. 38 Wohns found the cost of a single-level outpatient cervical disc arthroplasty to be 62% less than an outpatient ACDF and 84% less than an inpatient cervical disc arthroplasty. 46 This suggests that cost is a complex result of procedure, instrumentation, facility fee, and length of stay. 30 Purger et al. modeled costs and charges including all complications, readmissions, and reoperations within 90 days as a bundled charge and found significant savings in the outpatient ACDF cohort-nearly half the total for inpatient ACDF. 35 The 90-day bundled charge represents one of the proposed Medicare value-based reimbursement paradigms and is an ideal metric for future cost studies.
Patient Selection and Discharge Criteria
If the outcomes of ambulatory spine surgery are deemed acceptable, the next critical step will be to create protocols and standardize patient selection and postoperative care. As seen in the previously described outcome studies, there is an inherent selection bias toward younger and healthier patients undergoing outpatient spine surgery. 44 Age alone has been shown to be an independent risk factor for 30-day complications after ACDF. 9 Chin et al. analyzed the overall eligibility of patients meeting predetermined outpatient criteria in their practice, including a body mass index less than 42, a low to moderate surgical risk, and the absence of medical comorbidities. 13 Interestingly, they did not include patient age but added local caregiver and close to the hospital in their protocol. Overall, in their private practice group, 79% of patients met these criteria. Along the same lines, multiple groups have discussed the need for discharge criteria. Outpatient ACDF carries the feared complication of delayed neck hematoma, and there may be an optimal postoperative observation period to prevent any delayed complications. Lied et al. studied the timing in detecting a postoperative complication after ACDF. 27 Thirty-seven patients (9%) among 390 consecutive surgeries experienced any surgical complication. When stratified by the timing of presentation-immediate (within 6 hours), early (6-72 hours), and late (greater than 72 hours)-all 5 patients (1.2%) who developed a neck hematoma had been diagnosed and undergone evacuation within 6 hours.
Similarly, several groups have created protocols and discharge criteria for outpatient surgery. 15, 18, 25, 31 This includes the empowerment of anesthesia colleagues and nursing staff to improve efficiency and implement safety checkpoints. 41 Furthermore, the utilization of a next-day clinic visit or follow-up telephone call can maintain patient satisfaction as well as preserve safety and outcomes. 20, 26, 37 
Surgeon Preference
One additional consideration highlights the role of surgeon preference. In the United States medicolegal environment, the impact of a single death cannot be understated from the perspective of cost as well as surgeon willingness to send a patient home early. 45 For ACDF and cervical disc arthroplasty specifically, this may prevent the adoption of outpatient surgery at large regardless of the outcomes.
Conclusions
As the economic burden of United States health care continues to increase, we are obligated to produce novel solutions to rising costs. Here, we present evidence describing ambulatory spine surgery outcomes with related proposed cost savings. With proper patient selection and close follow-up, outpatient surgery may be an ideal model for innovation and significant cost reduction.
